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Abstract 
Magnetic properties of R(Co1-xVx)2Si2 (R = Nd; 0  x  0.5) compounds have been investigated by magnetometric measurements. 
The compounds were prepared by arc melting and characterized using powder x-ray diffraction studies. The parent compound 
NdCo2Si2 is antiferromagnetic. Cobalt, which does not carry any magnetic moment in these compounds has been substituted by 
vanadium. The V doped samples exhibit ferrimagnetic behaviour. Magnetizations measured at 4 K tend to saturate at high magnetic 
fields. The hysteresis loops and coercive fields suggest ferromagnetism occurring below ~ 20 K. Analysis suggests occurrence of 
3d localized moments as a result of V substitution. 
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1. Introduction 
Among ternary Intermetallic compounds, one of the largest and most diverse groups is RT2X2 compounds with R 
being a rare earth, T, a transition metal and X, a group IV or V element [1]. These silicides crystallize in the body 
centered tetragonal structure of ThCr2Si2 type (space group of I4/mmm). The R, T and X atoms occupy the 2(a), 4(d) 
and 4(e) sites, respectively [2]. The atoms are stacked along the c-axis in the sequence R-X-T-X-R. Over the years 
these compounds have shown interesting magnetic properties, where magnetic ordering originate mainly from 
conduction electron mediated interaction, i.e., the RKKY interaction. Earlier studies suggest that the R3+ ions are 
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responsible for magnetism in the RCo2Si2 compounds, whereas, Co does not carry any magnetic moment. 
Magnetization study and neutron diffraction measurements have been carried out in NdCo2Si2. The compound 
NdCo2Si2 is antiferromagnetic with TN = 32 K and only Nd ions are involved in a collinear ordering of alternate up 
and down moments along c- axis [3]. It also shows two other incommensurate square-wave modulated magnetic 
structures at T1 = 15 K, and T2 = 24 K. Studies on the effect of substitution at either R or T sites have been carried out. 
Substitution leads to changes in magnetic properties in these compounds. In the work reported here, non-magnetic Co 
has been substituted by another non-magnetic transition element V, having an atomic radius of 1.92Å, quite larger 
than 1.67Å of Co and smaller number of d-electrons than Co. It would be interesting to find out how a change in the 
lattice parameters, and in the conduction electron density of states might affect the magnetism of NdCo2Si2. In this 
paper we present the magnetic results of the compounds Nd(Co1-xVx)2Si2 (0  x  0.5). 
 
2. Experimental Details 
2.1. Sample Preparation and X-Ray Diffraction Studies 
The samples, Nd(Co1-xVx)2Si2 (x = 0, 0.05, 0.10, 0.15, 0.20, 0.25, 0.35, 0.50) were synthesized by melting the 
corresponding elements in arc melting furnace under constant argon flow. For better homogeneity, the ingots were 
turned over and re-melted four times, resulting in the end a loss of less than 1 %. The samples were annealed in an 
evacuated quartz tube at about 1173 K for a week. 
The single-phase nature of the samples was checked by X-ray powder diffraction (XRD) studies at room 
temperature using Cu KĮ radiation performed with a Rigaku TTRAX-II x- ray diffractometer. The XRD patterns of 
the samples could be indexed in tetragonal ThCr2Si2 type structure. The lattice parameters were obtained by Rietveld 
refinement of the data using Fullprof program. The x-ray diffraction pattern of the samples and the Rietveld analysis 
of the data is shown in Figure 1 for some of the samples. The lattice parameters as obtained after Rietveld refinement 
of the x-ray diffraction data are presented in Table 1. Rietveld analysis show a slight increase in lattice parameter a 
and considerable increase in c upon vanadium substitution as is evident from Table 1. 
 
Table 1.Change in lattice parameters with vanadium concentration (x) in Nd(Co1-xVx)2Si2. 
Vanadium concentration (x) a, b (Å) c (Å) 
  --  3.956(2) 9.901(6) 
0.05 3.959(2) 9.912(4) 
0.10 3.960(2) 9.923(4) 
0.15 
0.20 
3.961(10)                  
3.962(4)                  
9.941(23) 
9.954(10) 
0.25 3.962(2) 9.958(6) 
0.35                                                                         3.963(5)                    9.999(14) 
0.50 3.969(7)            10.020(9) 
 
 
For the parent compound NdCo2Si2, lattice parameters are in good agreement with the published data. Substitution in 
the cobalt sites result in development of considerable amount of strain as is evident from the broadening of the 
diffraction lines. The x- ray diffraction patterns of the higher vanadium containing samples show the presence of 
unreacted neodymium and silicon with a volume percentage of about 2-6%.  
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Fig. 1. Powder x- ray diffraction pattern of Nd(Co1-xVx)2Si2 ; x = 0, 0.1, 0.25, 0.35 at room temperature with Rietveld fitting ( * marks indicate 
peaks due to unreacted neodymium and ǻ marks indicate peaks due to unreacted silicon). 
 
2.2. Magnetization Measurements 
 SQUID-vsm magnetometer and PPMS of Quantum Design were used for magnetization measurements. The 
temperature dependence of molar magnetic susceptibility (ȤM)  in Nd(Co1-xVx)2Si2 (0  x  0.5) at 0.5 tesla in between 
4-200 K is shown in Fig. 2. As reported [3], NdCo2Si2 shows three transitions at 13, 24 and 34 K, and above 34 K, ȤM 
follows Curie-Weiss (CW) behaviour (inset, Fig. 2 ).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Temperature dependence of magnetic susceptibility ( at 0.5 Tesla) in Nd(Co1-xVx)2Si2 ; ( 0  x  0.50). 
 
  In V doped samples, ȤM deviates from CW behaviour below ~ 60 K and increases more rapidly with decrease in 
temperature, and also with increase in V content as shown in Fig. 2. The peaks due to the transitions are broadened 
and get suppressed at high V content. In higher V containing samples, as temperature decreases ȤM goes on increasing 
with plateau-like behaviour at ~ 40 K and below ~ 10 K. 
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 Above ~45 K,  ȤM  in Nd(Co1-xVx)2Si2, for x = 0.15-0.5, follow a ferrimagnetic behaviour, given by [4],  
 
1
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suggesting involvement of more than one type of magnetic ions in magnetic ordering. The ferrimagnetic ordering 
temperature thus obtained is 40 K ± 5 K. Above this temperature, the magnetization behaviour is almost paramagnetic, 
and the C values as obtained from fitting of the 1/ȤM versus temperature data very nearly correspond to free Nd3+ ions.  
      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
Fig. 3. (a) Magnetic field (H) dependence of Magnetization (M) in NdCo2Si2 at 4K; (b) Magnetic field (H) dependence of Magnetization (M) in 
Nd(Co0.65V0.35)2Si2 at 4K and 30K; (c) Fitting of  Magnetic field (H) dependence of Magnetization (M) data in Nd(Co0.65V0.35)2Si2 at 4K with 
equation (2); (d) Changes in Saturation magnetization (MS) with changes in vanadium concentration (x).  
 
For samples with x  0.15, magnetic field (H) dependence of magnetization (M) below ~20 K clearly show a 
saturation of M at H § 2 tesla. This indicates the disappearance of antiferromagnetic interaction and the dominance of 
ferromagnetic interaction resulting from V substitution. The M vs. H data can be fitted with, 
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The first term in equation (2) is linear in magnetic field and represents the paramagnetic contribution to the 
magnetization as is evident from Fig. 3(c). 0χ is of the order of susceptibility due to Nd3+ ions as in the parent 
compound. The second term in Eq. 2 represents magnetic field dependence of magnetization in a ferromagnetic 
material giving saturation of magnetization at high field. Large hysteresis loops, having high coercivity values ~ 0.4-
0.5 T have been obtained at 4 K.  
The saturation magnetic moment MS, increases with V content and its values per formula unit of compounds are 
shown in Fig. 3(d). These values are small compared to the free rare-earth ion moments. Interestingly, these values 
are comparable to magnetic moment of vanadium present in dilute amount in FeV alloys [5]. 
3. Conclusions 
In antiferromagnetic compounds NdCo2Si2, substitution of cobalt by vanadium has resulted in weakening of 
antiferromagnetic interaction, and emergence of ferrimagnetism. At higher V substitution, the samples exhibit 
ferromagnetic behaviour below ~ 20 K. The lattice expansion caused by substitution of Co with V in NdCo2Si2 may 
possibly result in localization of 3d electrons, and hence, leading to ferromagnetism. Further experiments are required 
to ascertain whether the magnetic moment resides on cobalt or on vanadium. 
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